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(54) m^immzstn^mmm&^^zst<Dm&:^^ 



(57) [^^] 

[1»J*] C : 0. OI-'0. 10 wt %. Mn : 0. 1 -1.0 wt% 
^-ami-^m}!^. 950-1350X:tc;?jpf|ftL. ftJEM^^tT 
o/cf*. Ars^^m-^.- (Ar3ig«g.^,-100 *C) 
(cjoit5ffiT*;iS50%J^±. ftif^/^;^(7)JET^;^M5%i[^ 
T. 7!)^oji^T?aS;d5 (Ar3^Jg,^-100 r) J[^±i:/.^5 
X 0 lctt±{f JEjIg L . 45O'-70O rcomSi* "C =i ^ /ufc 
##^•9. »CVNT% jET^80%i^±T'l?J>:^^^im5iL. 
^Ige^Br^S- 800t:cora^«T'^iifiL. /ET^ 

1.0-40%T2iS);?^rBl/EMr5Ci:tCj: Tied) ^ 
T'^a^tuS-\'>^i/^E^170 GPa t^^. 

te 

E= (Eo +2E45 + E90) /A (1) 

fz^ftV.. Eo . E45. Esofi, JEj^ 



K 

I 



> — «' 
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200 
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1 ND/i?^<100> 

■ A 






n 
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r 



500 €00 700 800 900 1000 
tt±if ffi®»TaiS (C) 



1100 
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(2) 

/ 

C : 0.01-0. 10wt%. Mn:ai -1.0 wt 

170 GPa ];iTx*;h^^t^^mtir:bffmimnmcmti 

IE 

E= (Eo +2E45H-E90) /4 (1) 

tztzL. Eo . £45. E90ti. '^n^'n.ffiM:^r^s ffijS 

[If5t?:3l2] C : O.OWO. 10wt%. Mn:0. 1 -1.0 wt 10 

%. Al : 0. 15wt%J[^T. N: 0.015 wt%JL^T^^WL. 

^x-^m^ri^^'^^mE^^m GPa Ji^Tr-^^c^^ 

IE 

E= (Eo +2E45 + E90) /4 (1) 

tzfzL. Eo . E45. Esofi, '?:i^^*^^EEM^I^]^ iEli 

[fS3)t^i3l C : 0.01-0. 10wt%. Mn:0. 1 -1.0 wt 
%^^W-r59!M'^. 950-1350t:(cADflftL. ftffiM^ 20 

n-ofzm. Ars^mM"- (Ara^S^-^.-IOOr) C7)MS 
i|Kt^:fott5J£T4^/0^50%i^±. &J^^^^c^)j^T^7i515% 
^T. 75^0*^7 raS;i>5 (Ar3^a,^.-100 X:) JL^A±^/^ 
5 J: 9 f-fi:±*f ffijg L. 450-700 "Cay^^^mx ^ ^ 

[If ^114 1 C : 0. 01-0. 10wt%. Mn : 0. 1 -1. 0 wt 
%. Al : 0. 15wt%J^T^ N : 0.015 wt%J[^T^'^W 30 

mmtFe:B xxi^ wM^^mm^ ^^i^h m^x ^ . 950- 

ISSOrtcjfjpHfiL. ffiEEj^^^rtT ofctfe. Ar3^ffi.«^.- (A 
ra^ffi.-^.-lOO £OtaSia(c4^(t6mT^;6^50%J^ 
±. S»I>'<:^<7)JET4^;5M5%J|^JIT. ^-oji^«-T?aS;5S (A 
r3^SI,#.-100 y.±.tf^^^o\^\t±.k1f]£m^. 4 
50-700r(7)rfiiSlUcT-=3^yU{C#t^'9. 2kl^T% lET 
^80%i^±T*l»:?&rajE5iL. S^fs^aS- 800r<7)?a 
;^i^-r^§i&L. ^^(C. ^^T^ l-0-40%r'2i$fef^rrBlJE 

[0 0 0 1 1 
[0 0 0 2] 



mm 2000-17387 

2 

n^it\u^'ox^^&(D^Ttmit^ix. 

f^. i|#P^¥l -319628#<i5jffi(c*^. ^is6^(7:> 2 3J:ftr«11£ 
[0 0 0 31 

ltT'>^^(c:Lrv>5ffl^c7)ft/htg/i:fi, 1i:l^1fv^0. ISOm 
0,130 mmfc5VMt^ni^ATco®J?(7)IH*g(cigffl-t-5^ t 

[0 0 0 4] r:iT% 3 t:'-;^moD-^«j/.fffiffiJi^Sg(c 

mm^'(Dx\ mi*:fs]j^fc 6 v^fitef^^ <^ mmm^ t ^^^^ 
[0 0 0 5] M^^;^ hi^m(Dfzi^\z^ mt^com 

miimMtLtzm^xh^x mwi^^Mmt^^ft 

[0 0 0 6] 

mm^^x^^m^co^^^m^. ^h.±xts: 
fz 5 mm \t . gf^rei tt± tf /±M iir c ^6 ^ r 5 it ^ 

[0 0 0 7] (DC : 0.01— 0. 10wt%. Mn : 0. 1 -1.0 w 

t%^^^rL. ^^oTted) ^x'^m^f\^^^>vm^ 

miO GPa lUTT^-5^<i:^it#tlS[<^-r^Jf^4^^tifti{cM 
IE 

E= (Eo +2E45 + E90) /4 (1) 

fcfcL. Eo , E45, E90fi. ^;h.^*ixBE5i:^r^, /±M 



-2- 



3 

[0 0 0 8] (2) C : 0.01-0. 10wt%, Mn : 0. 1 -1.0 w 
t%, Al : 0. )5vt%UT. N : 0. 015wt%J[^T^-&^ 

^X^'^m^h.h^i^^m'Et^m GPa l^TT'fc'5w<t^ 

IE 

E= (Eo +2E45 + E90) /4 (1) 

fc/cL. Eo . E45. E90tl. ^n^';h.EE5S*I^. EEji 

tji-irS^ i^^mc^\^^X^:y^m (E. Eo. E45. E9o)fi. 
^rU{cjbMt5M^i-5o :i^-e^?atf;j:. 0 -SO'C^E 

[0 0 0 9] (3) C : 0. 01 -0. 10wt%. Mn : 0. 1 -1.0 W 

SJ^{z:jbMt5iET^;6550%JL^ii. ft;f5|'^N-^(7)JET^/0^15 
%i^T. ;i>^o^T?aS;65 (Ar3^ffi.#.-100 t:) J[^±^ 
5 <t 9 tc:ft±(f lEjii L . 450-700 *Co?aS^-C» ^ 

i^^v^T^ mT'^8o%j^±T' 1 2^?&rBim]i 
btc. j±Tm i.o-4o%T'2tsfe/^rBiJEEMi-^::i^#m 

[0010] (4)C : 0. 01— 0. 10wt%. Mn : 0. 1 —1.0 w 
t%. Al : 0. 15wt%J[^T. N : 0. 015wt%J^T^^^ L. 
mm »iFe*3 J: WM^^mmf}^ ibfJ^^mti^. 950- 

]2so°a,cmmi.. m.j^m^n-^tcm. An^m.^.-- (a 

r3^Jg^,-100 t:) cotUS«tciottSmT^:6550%J^ 
±, *^J^^<;^omT*;DM5%JeJLT. ;ei^oj^T?aS365 (a 
rai^^^-^.-lOO t:) ^±tfj:^Xo\^i±±ifJ^mLs 4 

50-700 x:(Dummx=^-cj\-{zm^^^. ^^^v^r^ jet 

^80%Ji^±T*l<Sfe/^r^1JEj{iL. SJg^TaSJ!^±. 800t: 
^T(Oi^mmxm^i.. EETm 1.0-40%T*2 

[001 1 ] 

Xh^o mm(n-Yiy^m^m'^<Dho:^{zlt-<X:kmi^i& 
<-r6^. ^\^:t3i,zMi.xmmi.xhW\±\B]mi>::^^ ht 

foji^*ticMt)^i-<?:c^o ^titi^xm^zmu^ti^:^ 

(c(i. ^m=^^^y\-^—n^^m^ti.xm^s 
±i:tl*9o mm. ^{kittiY s^m\:^xhhm'^ 



(3) 1#F^ 2 0 0 0 - 1 7 3 8 7 

4 

^^m^htizit^Ltzhcoxh^o mi^^b. ^yt)^ 

[0 0 12] Z(DXo^<^yJ}^:^^-mm^tl^^>i/^Et 
LT. t < (-170 GPa i^T^-Tni^ - t t>^^^o 
/Co ::^lc-v>^4^E{i:. TfE(l) Axmm^t\^^ i^o:> 

E= (Eo +2E45 + E90) /4 (1) 

fcfcL. Eo . E45. E9ofi. tti'etinEm:^\^. j±}^ 
JO :^r^(ci45" co:^f^. JE5£::^r^(c90*' o:^r6]<73-^>-t/^-\' 

ly^mE^m GPa JL^T^T*ig:T^ii:6 r ^ ;05T^ix 

JF^^cM^ti ^ ± ^ 1i- S r ci: pT H^lc 5 t^.fe -5 o 
[0 0 13] -^CIT*. ^«<D-V>:5^^E$: 

2 »:'^mEEm\^itmmo, nm<omm<Dmm (loo) 

mdtl.tcmx^^. fcfcL. ir>'i/^Eti#:^fS](7)iij^ 

co^«CDi^ig^#fi. ffijEM^^cD^^m^;i50.042 wt% 
C-0.20wt%Mn-0.015 wt%SI -0.011 wt%P -0.008 
wt%S-0.01wt%AI -0.010 wt%N (Ar3 : 865 "C) X 
h^. ft±tfJEM (tt±tf JE5iPi^mS(i860 tztz 
L. tt±tfEEj5£^US;6^860 ''C^m^^h(D<Di±±l,f}^m 
l^^^raSfi^^Tr^S+80^. ft^fi|'>'^;^(OiET^10%) 

EET^3«>s89o/o, i^}f^mf£m<r>jETmmo%. mm.m,m 

2f)^h\ i±±ifEbm(DmT^^m:^K 865 -765 t:. i-fj: 
30 f^ibAn^m^.-^ (Ar3^ffi^-100 X:) (OfaSi5IS(c 
^^t^. ^®(100) (ND//<100> ^PC) (D^m^^^ 
i*<^^i9. 'y>'i/'^;^iM70 GPa Ji^Tfc^T-eT-T^ r ^ 
?i)'^t5;!)>6o C^T^i-v^^ii^ ti^^iP3tgcoi'>'^^ 210— 

220 GPa mm x^hm\^<m^mx^^o 
[0 0 14] mm^bit. rio^^^m^stcLT. m 

(Ar3^^.^.-ioo X:) (Du^mx±E.Tm imz. 

TEET^J \z.l^X50%a±t^n\^X\^^Zt. 
40 ^tzmmz. :^;i^/'^:^(7)EET'^^15%J^T(crn^JL. i)^ 

r>mmf^Tum^ (Ar3ie^.^.-ioo t:) j^±<ti-5c 

[0 0 15] ±um^xmfi\mm'r^:Lt{zx.^ . -v^- 
^m(o^m.{^m^tm'^mm.t-wM^^wm\^^\^^x 
'};^^'f\^i^mh'fj^x\^fj:\^^f)*^. d^(DX.o^z^K.x\^^ 
-rtjiioib. mm^m^y:y^y^vmxvfoz.t\z^ 

JEM^^m^^ LT. ND//<100> . ND//<211> . ND 
//<111> t^^m-t^o L;5^L, :L(r>m^0k^X\'X. v^-T 

50 ;i»5g^L7:^^/^/ci?)^c. ©m^oiii W/<100> ^-^a^^is 
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5 

imm^mt^^m^Ls nd//<ioo> m^m^mm^t^^^ 
[0 0 16] -^LT, mmEEm^i'¥^±^mm^^^isbtz 

00> «^m^l3^;elSJfM^n/^v^^^bT*>5o (Ar3^ 
1#^c:3l<ogSL^i-l^ND//<111> ;6S@5fe6«J(^^*£ 

]^±ti-^<D{t. tfj3zl:L?tND//<lll> o:>:^m<L(DWf^^B 

[0 0 17] /^*5. ND//<ioo> m^mm<Dm^^-m\^ 
ii^tLT. <ioo>//ND ^^m^^i^iii^^^n. ^fc. 2)# 

[0 0 18] t^^X\ mmm^<D^mXi^fj:l^7!)K ND 
//<100> m^m^^WM^^hi^zi-XArz^mM^TXtt 
±JE5i^tT ^^t mmx^ 5 ^ #r^0S62-284O 

^m.'^MTX(oi±±}£m^n^xi,. ^i^icm-^^/^ia 

t<. Ar3i^Tc7:)rfi-!tT\ ^^c7:)Sa^(H]i^ Loo, A 
r3- (Ar3^S,^.-100 t:) (DU&mx50%\^±(DmT 

[0 0 19] z<DXo{z\.x. ^t±.\-fmm:^^i^vm 

//<100> om^Um^-V':^\ZWM't^t. ^co^ik. Z<D 



(4) #F?I 2 0 0 0 - 1 7 3 8 7 

6 

oT'b. ND//<ioo> (7)*^mstii^^W(c^t*#^n. s 
im^^xhi^'Y:^^m(D^^tf^^a ^j::^. mm^zm^ 

-<xm^mzw^^B L^-rv>;6^ ^liEw^r-^^^^rBiiE 
mmx (\oo)^(tL(n'^^Bm^mMmz^iftiit. mm.m 

[oo2o]jeJL±. nmt't^'^^'i^mtziv^mfiiLir 

5fc^6ofl!lM^#('ol^TtftP>^ r T^^iT^Sl^ig 

*l+4^J:t/^5>m^/c^<^*(coi,>Xi^T(c|ji§^i-^o 
70 • ;^ 7 ^^DiJi^aa ; 950-1 350t: 

mmmm^^yy^mmj^m-i-^iz^tiL^x 950-1350^: 
xmrnt-r^o mmum*^ 95ot:^cKfc/^v^<^, 

[0 0 2 1] •^^li'pmS: 450— 700t: 
[0 0 2 2] -1 »i'/^m&m<OJ£Tm ; 80%i^ Ji 

fj:\^^mmix^^o Bo%mm(D^/^mmTmxz(Dmm^ 

&(Dmm^n^. ^:yifm^M< L/^v>yba6(cfi, 90% 

[0 0 2 3] • ; SMB^?ag[JLU±. 800 t:J^T 

[0 0 2 4] -2 <J>:?^rBlffi]iicOiET^ ; 1. 0-40% . 

40 mmm(D^^m^i^-i[:^^^rzib. -^tz. ■^mm{tL(Dm 
Aicx^m^^o:^mm^{^±^'^htzhb\at. 1.0 

^^zmm-r^t commit, s^n. -^^ry^^ y >i/?:f<t' 

^{ST^it^:: ^/<^< . ^^Lr^m-^^ci^tcfi, o. 
150 mm^n-Xh^o mm:^^0.\SO tm^T\a\^X ^ti:^ 

».'/^r^j^m^zx ^mMW-'^xnm\:.-t^'}i^m:t^^^o 
zo^^'M.^.t'^hh. 2^d^}^Wi]£m-t'^^'^x-h^. TtycL. 
50 ^^^^^^^(rymr^^^^imwz^}^^^. m'^t^^~Y\.. r 
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7 

[0 0 2 51 ^^m{^:}s\.'xmm-^mfmm(Df&^^mf& 

[0 0 2 6] C : 0.01-0. 10wt% 

sffo, 15 mm izmtzfj:\^mm<Dmm^Mm^^ 

0 1 w t % t c I ^ t . + 5^ f*: 5^ S ^ 5t T' # < 

t). -:^> o.iowt%^^;t^i:. mmmwitL. 

oT, ClcJi0.01'-0.10vrt%O«£iai:-r-5o 
[0 0 2 7] Mn : 0. 1 ~1.0 wt% 

[0 0 2 8] Al : 0.15wt%J[^JlT 

mj:^<D^^t^m< tii^. 0. i5wt%jeATofisHr'j^JDi- 

[0 0 2 9] N : 0.015 wt%J[^JlT 
i,c^mfj:mi]\i7cmxh^t)K 0.015 wt%^Sx.T^#-t- 

O.O^^ ^t%^J.T(ommxm:hW'1r^<Dt^^\^\ t^^, 
e><o^m^^ff^ii:5t:ifi0.002 yit%\^J.±<Dm'hmmi^ 

[0 0 3 01 Jl^Ji0^5i-l-:^JD;tT. Tf20^5^^^JPi- 
5w^;5sr-#5c Ti : 0.50wt%J[^JLT. Nb : 0. 50wt%l^T 
:}oJ:t>'V : 0. 50wt%J!^T<?5 1 fcli 2 ^i|^iL± 

mm-r^m^at. o.oos v/t%]ik±<Dmmmj^\^\^\ * 

[ 0 0 3 1 1 Cu : 0. 5 wt%A^T. Nl : 0. 5 wt%i^T. C 



(5) 2000-17387 

r : 0.5 wt%J^. Mo : 0.5 wt%4^T(7) 1 ffi^fcJi 2 

± 

5 ^t%^:iT(ommxmi\i'^o ^j:^. ^Tzm^mm-t^ 
m^it^ 0.005 vit%^±<DmMmj^L\^\ 

10 [ 0 0 3 2 ] Ca ; 0. 0050wt%4UT 

i&mi.^.<Dmim7kifr&^t^^ztx\ mf^mm^ 

coy Xyu-^og^ft:fei^lP(;i i s / X>ri.-:5^ v) coKotlc, 

^^ff-rStctl, 0.0005wt%J^_b<Di3sJbD;65^* - 
:^T% 0.0050wt%^i@;trf§^;to-rS^CaS^ffML. ^ 

thr-mm<Dmm ttj^^tzisb^c^ ^<D±mt:o, oo50wt% t 

20 [0 0 3 3] ^fc. ^T\cm^f^7tmn. l/>-fttt>^W 
SI ; D.04wt%JeJlT 

yj:^. mm^(Dmmxit'o^mtmm-r^^<Dmm^± 

[0 0 3 41 P ; 0. 02wt%i^T 

30 ^^^it^-^^ tti,\z^ Wi^i±^'i^it^^^7tmxh^ 

[0 0 3 5] S ; 0.02wt%J[^T 

hfzhir7tmx^^<DX. ^<D±M^O.OlHX.%tir^(r> 

[0 0 3 6] i^±COJ: 9(CLT, —^(DXM^WkX 21(k 

if^mm.m^^^^fzmmz\t. mm {m)^{iL(om^B^^ 

40 [0 0 3 7] 

[njs^j] mz.i^mm^'^mm\zht-5\,^xMc^mz.^ 

mm(Di^—h^<—^XW&m\.fZo Z(Di^'-V^<—\:L, 
^>i,CX 25#tg ^ CO ^ i6 o # ^ iSjf^6^ (dlifi L T -St # IC 

50 mwm^cmi^fzo 



-5- 



:^^<D-Y>i/m^m^EL (25°C) T'i'J^L. miaiLfc^tc 

®^t^lS;^YS : JIS 5-^^l?5K^>t^ffll\ JIS Mt& 
lcj:«9^l^^®l^tft\ 0.2 %m:h^YStLti^ 

<3)mf&^M^>^^^t.x*<D¥^i±mm:^^-/\-^- (ys)2 
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tzm&'^m^m2{zm-^x7jk'r. fj:^. ±tB®/6^b<3)^ 

[0 0 3 8 J 
[^1] 





ft ^ Jfe » (wl9tf) 


Ar, 

<r) 


c 


Si 




P 


s 


Al 


N 




1 


0.032 


0.015 


0,15 


0.011 


0.0O5 


0.0O5 


0. 0055 




870 


2 


0.042 


0.015 


0.20 


0.011 


aQo& 


0.010 


0.0100 




865 


3 


0.030 


0.015 


0.30 


0.011 


0.009 


0.015 


0.0080 




870 


4 


D.060 


0.015 


0.20 


0.011 


0.005 


0. 015 


0. 0110 




865 


5 


0.060 


0. 015 


0.50 


0.011 


0.010 


0.005 


0.006D 




855 


6 


D.070 


0.015 


0. 60 


0.011 


0.004 


0. 010 


0. 0110 




850 


7 


a 080 


0.015 


0. 20 


0.011 


0.004 


0.015 


0. 0080 




8S0 


8 


0.030 


0. 015 


0.20 


0.011 


0.004 


0.015 


a 0080 




870 


9 


0.050 


0.015 


0.20 


D.011 


0.004 


0.015 


0.0080 




870 


10 


0.050 


0.015 


0.20 


0.011 


0.004 


0. 015 


0.0O80 




860 


11 


0. 050 


0.015 


0.20 


0.011 


0.009 


0.005 


0.0080 


Ti ;0.04 


865 


12 


0.050 


0.015 


0.20 


0. oil 


0.009 


0.005 


0. 0080 


Nb : 0. 015 


865 


13 


0.050 


0.015 


0. 20 


0. oil 


0.009 


0.005 


a 0080 


V: 0.005 


865 


U 


0.050 


0.015 


0.20 


0.011 


0.009 


0.005 


0.0O8O 


C« : 0. 40 


840 


15 


0.050 


0.015 


0.20 


0.011 


0.009 


0.005 


Q.0080 


U: 0.0015 


865 


16 


0.050 


a 015 


0.20 


0.0U 


0.009 


0.005 


0.OO80 


Tt :a04. Hb : a 020, Ca: 0.0015 


865 


17 


0.050 


0.015 


0.20 


0.011 


0.009 


0. 005 


0.0080 


Ti:a04. Ca: 0,0015 


865 


18 


Q.050 


0. 015 


0.20 


0.011 


0.009 


0. 005 


0.0080 


Nb:Q.02a Ca: 0.0015 


865 


19 


0. 050 


0.015 


0.20 


0.011 


0.003 


a 005 


0.0080 


Ni :aia Cr :Q. la »o:0.1D 


865 


20 


0.O5O 


0.015 


0.20 


0.011 


0.008 


a 001 


Q.O020 


Ti : 0.02, Ca: 0.0010 


865 



[0 0 3 91 
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12 



IE 










sat 

(r) 










09^ 

{%) 






JlilT© 


JET* (ArjaT) 


(t:) 




fET^ 

{%) 




ET* 

(90 


W% 

(r) 




YS 


( W) 


m s 


% 


(r) 


{«) 


(%) 




sat 


s 

(t:) 


(GPa) 


(HPa 




1 


1200 


7 


20 


10 


63.1 


780 


600 


90 


0.180 


680 


27.8 


0.130 


160 


570 


1015 


0 




2 


1220 


7 


25 


14 


B4.7 


775 


600 


91 


0.170 


700 


23.5 


0. 130 


165 


575 


1002 


0 




3 


1200 


5 


30 


15 


79.6 


780 


580 


90 


O.I80 


700 


27.8 


0.130 


150 


575 


1102 


0 


mMm 


4 


1180 


7 


25 


14 


84 7 


775 


650 


91 


0. 165 


690 


21.2 


0.130 


165 


565 


967 


0 


mnm 


5 


1160 


5 


35 


14 


84.6 


765 


600 


91 


0. 160 


710 


18.8 


0.130 


155 


575 


1067 


0 


mm 


6 


1200 


7 


25 


14 


84.7 


760 


650 


91 
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